The sensitivity and utility of circular dichroism in the angular distribution of photoelectrons (CDAD) as a probe of molecular orientation is demonstrated for adsorbed CO and NO molecules. A comparison between measured CDAD spectra and calculated values for spatially oriented CO and NiCO clearly confirms the well-known perpendicular adsorption for CO on Ni(100), whereas for CO adsorbed on Fe(100) a tilted adsorption geometry was found. For NO/Ni(100) and for NO on the oxygenpreadsorbed Ni(100) surface, an average tilt angle of Q. =40+10' was observed. In the case of the oxygen-preadsorbed Ni(100) surface, a higher fraction of NO molecules was found to be in a tilted orientation than on the clean surface. For nonchiral molecules the appearance of CDAD requires a chirality in the overall geometry of the experiment. This chirality is realized if the three axes -the photon propagation direction, the photoelectron collection direction, and the molecular axis -are not coplanar.
The sensitivity and utility of circular dichroism in the angular distribution of photoelectrons (CDAD) as a probe of molecular orientation is demonstrated for adsorbed CO and NO molecules. A comparison between measured CDAD spectra and calculated values for spatially oriented CO and NiCO clearly confirms the well-known perpendicular adsorption for CO on Ni(100), whereas for CO adsorbed on Fe(100) a tilted adsorption geometry was found. For NO/Ni(100) and for NO on the oxygenpreadsorbed Ni(100) surface, an average tilt angle of Q. =40+10' was observed. In the case of the oxygen-preadsorbed Ni(100) surface, a higher fraction of NO molecules was found to be in a tilted orientation than on the clean surface.
Circular dichroism or optical activity is normally associated with chiral molecules, i.e. , molecules which have neither a plane nor a center of symmetry. This dichroism is due to an interference of electric and magnetic dipole transitions and gives rise to weak asymmetries (typically less than 1%) in the absorption coefficients for left and right circularly polarized light. In the region of photoemission, circular dichroism could be characterized by the asymmetry in the photoelectron angular distributions produced by left and right circularly polarized light. Recent theoretical and experimental studies have revealed large asymmetries in the photoelectron angular distributions for left and right circularly polarized light provided the molecules are fixed in space, i.e. , spatially oriented. ' This circular dichroism in angular distributions (CDAD) arises in the electric dipole approximation for all spatially fixed molecules, and is of the same order of magnitude as the differential photoionization cross section itself. ' Furthermore, explicit calculations for spatially oriented CO and NO molecules showed a strong dependence of these CDAD spectra on photoemission geometry, suggesting that CDAD measurements may be a useful probe of adsorbate geometry. In this paper we report the experimental verification of this effect and present a quantitative comparison between measured CDAD spectra for the 4o. levels of CO and NO adsorbed on Ni(100) and Fe(100},and on 0/Ni(100) and calculated spectra for spatially oriented CO and NO.
For nonchiral molecules the appearance of CDAD requires a chirality in the overall geometry of the experiment. This chirality is realized if the three axes -the photon propagation direction, the photoelectron collection direction, and the molecular axis -are not coplanar.
The experimental setup providing the geometry required for measurements of CDAD spectra is described in detail elsewhere and consists of an angle-resolving u1traviolet photoemission spectroscopy (UPS) system equipped with a low-energy electron difFraction/Auger electron spectroscopy (LEED/AES) system for sample preparation. Figure 1 illustrates the experimental geometry providing the chirality required in these measurements.
Circularly polarized light was obtained from the 8. Fig. 3(a) for a=0'] . The agreement between the measured and calculated CDAD spectra of Fig. 3(b) is encouraging.
The Fig. 3(c) showed that at low coverage at least a significant fraction of NO molecules is adsorbed with the molecular axis parallel to the Ni(100) surface. We studied the system NO/Ni(100) using CDAD. Figure 4 Fig. 4(b) . Figure 4( 
